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FAILURE MODE EFFECTS ANALYSIS/CRITICAL YTEMS LIST

. FMEA NUMEER: 1.17.0 ORICINATOR: JSCMAA ASTRO PROJECT: GFE
PART NAME: CARGO BAY LRUAORY PART NUMBER: 3173800-206 QUANTITY: 1
PART NIIWMBER: 3278800-504 LRL/ORLU PART NAME: CTVC SYITEM: CCTY
LSC CONTROL NO:MA DRAAWING/HEF DESIGNATOR: 3273800 SUBSYSTEM:
ZOKE/LOCATION:NA EFFECTIVITY/AFFECT STAGE:

CRITICALITY:

CHRITICAL ITEM?:__ Yes EUCCESS PATHS:
CRITICALITY CATEGORY: _ 12 SUCCESS PATH EEMAINING:

ERNTITEM KAME:

ENDITEM FUNCIIOGNAT:
ENTHIVEM CAPABILITY:
EXDITEM FALLURE TOLERANCE;

REDUNTANCY SCREENS: (ODREBTTER/GPACE STATION)

A - Pass
B - Pass
L - Pass
D -

FUNCTION: End of pan ar tolt travel reached without indication.

. Worst Case:

FAILURE MODE CODE:
FATLURE MODE: Pan and tilt limit malfunctign.
CALSE:

Fan and Tilt limit malfunction
Ad Com Dee'Tel Enc

" FATLTIRE DETECTRON:

REMAINING PATHS:
EFFECT! MISSION PHASE:
CORRECTIVE ACTION:
Hone.
-FAILLRE EFFELTS-
ENDITEMIRUMRIUASSEMELY: Loss of camera putput.
SCESYSTERWNENT ASSEMBLY/TNTERFACE: No vidoo
AYSTEM/END TTEMMMIESSTON: Loxs nf missinn crifica! vidco
CREW/VERICLE: None.
. HAZARD INFQHRMATION:
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

IMEA NUMBER: 1.17.0 ORIGINATOR: JSCAMMA ARSTRO PROJECT: GFE
FART NAME: CARGO BAY LEU/ORT PART NUMEER: 3273350-50¢ QUAMNTITY: L
FART FUMEER: 22 T8R-S04 LRL/ORD PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL NO:N/A DRAWING/REF DESIGNATOR; 12TREM} STBEYSTEM:
ZONE/LOCATION:N/A EFFELTIVITY/AFFECT STAGE:

HAZARD: YES  NO_X
HAZARD ORGAKLZATION CODE:

HAZARD NUMBER:

TIME TO EFFECT:

TIME TO DETECT

TIME TO CORRECT:

FAILURE DETECTION/FLIGHT:

FEMARKS:
-RATIONALE FOR ACCEPTADILITY-

{A) DESYGN;

The CTVC is comprised of 21 elecirical subassemblies; 15 subacsemblies are GE Astro Space desipmed z2nd fabricated uging
standard printed circuit board type construction. The remaining six assemblies, 3 stepper motors, 1 hrushless motor,

Prism/CCD, and Lans assembly are vendor supplies components, which have beeo specified and purchased accordiong to GE .
Specification Control Drawing (3CD) prepared by Enpinceriog and Prodoct Assurance. Specifications per the SCIF are
perfurmance, test, gualification, and accepance requirements for a procured piece of equipment, Parts, materials, processes,

and design guidelines for the CTVC program are specilied 1o acoordance with GE 3267739, This decument defines the

PIOEram reguirements,

MIE-STD-9750 will serve &5 the primary EEE parts selection document. 1f i suitakle part cannot he found o MIL-2TD-
473G, equivalent EEE parts that meed the following crileria may be substituted.

Micrecircuit £ are at least Class E Level, MIL-M 38510 devices. All microcireuits are suhjecied to Farticle Impact Noise
Deiection (PIND) testing per MIL-STD-823C (except M devices with plastic epoxy-tape package).

Dicdet and reaosisiors are at least JANTXY in accordance with MIL-5-19504. All semi—conductors in cavity-type packages
are subjected to PIND testing per MIL-STD-383C. Rolays are procured to'the highest milicary esiablished reliabilivy (MIL-
ER} level as defimed in MIL-B-32016, Relivs are sulject 1o PINT testing,

Switches are procured to at lease the second highest 1evel of the appropriate M1L-ER specification, Swiiches are subjected to
cither PN icsting or X-ray analysis a5 appropriate, for particle detectiyn.

Other discrete parts are procuzed 1o ar least the second highest level of the appropriate MIL-ER specification.

Parts not included in the above dotuments have beer used in the datign only affer 2 non-standard parts acceptance request
(NSPAR) has been prepared, submitted to Reliability Assurance Engineering and approved for use in the specific
application(s) defined in the NSFAR by NASA-JSC,

Worst case circuit snalvses have been performed and documented for all circuit desipns to demonsirate thal sulMicicnt
aperating margins exist for all operating conditions. The analysiy was worst case io that the value Tor each of the variable
niram ebers was ot 12 limits that will drive the sutput to 2 masimum {(or mink. A component approach review and anaiysis
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. EMEA NUMBER: 1.17.0 ORIGINATOR: JSC/MMA ASTRO FROJECT: GFE
PART NAME: CARGO BAY LRU/ORU FARF NUMBER: 3273890-506 QUANTITY: 1
PART NUMBER: 3278890-506 LRU/ORU PART NAME: CTVC SYSTEM: COTY
1SC CONTROL NO:N/A DRAWING/REF DESIGNATOR: 32788%0 SUBSYSTEM:
ZONELOCATION:N/A EFFECTIVITY/AFFECT STAGE:

was eonducted to verify thal the applied stress on each piece part by the temperature extremes identified with environmental
gualification tesiing dees not excaed the stress Jeraring values identified in GE 3267759,

Tn addition, an objective ciamination of the design was perfermed through a Preliminary Desige Review and Critical Design
Review to verdfy thad the CTV'C met specificativo and contracieal requirements

BARE BOARD DESIGN

AW hoards are constructed from laminated copper—clad epoxy ghass sheets pee MIL-F-13949 Tvpe G Grade A, Circuit
connections are made through printed traces which rup From point to point oo the board surfaces Every trace terminates at
an aonular ring. The annular Fing Buerpands the hale in which 5 component lead or terminal is locaied. This riog provides 2
footing for the solder, ensuring gond mechanical and electrical performance. Iis size and shape are governed by MIL--
55540 as are trace widthe, spacing and roumting, These requirements ave reiterated specifically in drawing notes to further
asgure compliance. Varation betwien the artwork master and the final product (due to ireegularities of the etehing process)
ure alvn comirolled by drawing motes. This prevents maklng defective hoards from good artwork. Holes which house no iead
or terminai, but zerve only 13 electrically inlerconnect the different board layers, contain sticch bars for mechanica) support
and increased reliahilicy,

The through holes are drilled from a drill tape thus elimivating the posaibility of human errer and allowing tight cootral over
hole and annular ring cuncentrigily, an impartant reliakilicy criterion. After driliing and ctehiog, all copper cladding is tin-
lcad plated per MIL-STD-1495, This provides for casy and reltable soldering at the finse of board asembly, even after
perieds of prelonged siprage.

BOARD ASSEMEBLY DESIGN

All componrents are installed in a manaoer which assures mazimum reliability. Compnnent leads are pre-tinned, allowing
total wetting of solder jointe. All leads are formed to provide stress relief and the badies of large camponents are staked.
Epecial mounting and handing instructions are incloded in each drawing required after final assembly. The board is coated
with urethane which protects againgt humidity and coniamination.

(B) TEST: ACCEFTANCE

Each assembly is individually tested to a NASA approved Acceplance Tasi Procedure TP-AT-317859¢. The Acceptance Test
Fiow iz detailed in Table 1.

QUALTFICATION TEST

The qualification unic is identical to the flight usit configuration in every respect and is used selely far the purpose of
qualification testing, The Quzi unit must successiully complete acceptance testing prior to entering gualification testing. The
Qual unit hag passed testing in accoedanee with WASA appraved test plag PN-C-3278800. The Chealification Test Flow is
detalled In Table 2.

OFPERATIONAL TESTS

In order 1o verify that CCTV comporents are sperationzl, a test must verify the bealth of a0k the commsnd ralated
camponents §rom the FHS (ATA1) panel switch, thronrh the RCU, throrh the svoe lines to the CameraBTT, to the
CameraPTU command decoder. The test must also verily the camera’™ ability 1o pruduce video, the ¥5T1's abilivy Lo rowsie
videg, and the monitor's ability to display viden. A similar test would be performed to verify the MDM coramand paik.

Fre-Launch on Orbitér TestfIn-Flight Test
L Fower CCTY Svytem.
X Via the PHE pancl, seleet 8 manitar.
i Send “Camera Power Oa™ comimand {rom the
the PHS panel.
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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

YMEA NUMBER: L17.0 ORIGINATOR: JSCMMA ASTRO PROJECT: GFE
PART MAME; CARGO BAY LRU/ORY PART NUMEBER: 3178850-508 ONANTITY: 1
PART NUMBER: 3278820506 LREU/ORY PART NAME: CTVC SYSTEM: CCTY
L5C CONTROL ND:N/A DRAWIKG/REF DESIGNATOR: 3274830 SUBSYSTEM:
ZONELOUATIEON:N/A EFFECTIVITY/AFFELT STAGE:

4. Seiect *External Syoc” op monitar.
& Observe video displaved on monitor,

Nute that if video oo monitor is s¥nchronized
(i.e., atable raster).
5. Send Pan, Tilt, Focuy, Zoom, ALC, and Gamma
commands and vigually (cither via the
moniter or divect oheervatior) verify
aperation.
. Seject downlink 4y destinatian and
camera upder 1851 4% source.
£ Observe video rovted to downlink
3, Send “Camera Power O command via FHS panel
10, Repeat Steps 3 through ¥ except issue

{C) INSPECTION; .

Procurement Control - The CTVC EEE Paris and hardware ilems are procured from app roved vendors and soppliers,
which met the requirements set forth in the CTVC contract. Resident DPRO personnel review ali procurement gocuments
10 establish the nced for GSI on selected parts (PATSLT).

‘megming Inspection and Storage - Incoming Quality inspeetions are made on all received waterials and parts. Results are
recorded by lot and retalped in file by drawing and control nunthers for futare reference and traceability, All EEE parts are
cubjected to incoming acceptance tests as called for in PAT 315 - Incoming Inspection Test Instructions. Lncomlog flight parts
are further processed in accordance with GE 1846884 - Preconditioniog and Acceptance Requirements for Electronic Parts,
witli the exception that DPA and PIND testing is not performed. Mechanical ilems are inspected per FAT 316 - Incoming
Inspection Instructions for Mechanical items, PAT 305 - Incoming Quality Coatrol Inspestion Instruction, and PAL 412 -
Procedure fur Processing incoming or Purchased Parts Designated for Flight Use: Accepred items are delivered to Malerial
Controled Stores and retained under specificd canditions wotil Tabrication is required. Non-tonforming materials are held
for Material Review Board (MREB) dispesiticn, (PAT-307, PAT IQC-531)

Brard Assembhbly & Test - Frior to the start of TYC board assembly, all items are verified to be comrect by ytock room
persnancl , as the items are accumulated to form a kit The items are verified again by the operator who assembles the kit by
checking against the as-huilt-parte-list (ABPL). DPRO Mandatary Inspection Points are designed Tor all printed circuit, wire
wrap and » elded wire boards, plus harness connectors for soldering wiring, cramping, solder splices 2nd quality
workmanship prior to coating of the companent zide of boards and sleeving of haruesses.

CTVC Boards

Specific CTVC board askembly 2nd test insiroetions are provided o drawing notes, and applicable documenis are called out
in the Fabrication Procedure and Record (FPR-31758%0) and parts list P1.3273830. These include Frocess Standard RTV-
566 1280881, Process Standard - Bonding Velcro Tape 2280889, Specification Seldering-Specification Crim ping 2123(800,
specification - Bonding and Staking 220678, Specification - Marking 2280876,5 pecification - Workmanship 8030035,
Sperification Bonding and Staking 2280875, speciflication-Wave Solder 1230821, Spacification-Frinted Wire Board Staking
2250851, Specification-Reflow Soldering 2280754, Specification-Saldering Surface Mounl Components 20005710,

CTYC Assembly and Test

An open box test is performed per TP-TE-31798%0 and an Acceptance Test per TP-AT-32763%), including vibration and
thermal vacuum, Torgque's arve specified and witnessed, traceakilicy numbers are recorded and calibrated tools are checked
prior to use. GE Quality and DPRO inspections are performed a the completion of specified FPR operations in accordance
with BAI-204, PAT-205, and PAL-217. DPRO personnel witness CTVC button-up and eritical torquing, : .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. MEA NUMBER: 1.17%.0 ORIGINATOR: JSC/MMA ASTRO PROJECT: CFE
FPART NAMEFE: CARGO BAY LEU/ORLU FART NUMEER: J2785%0-504 QUANTITY: 1
PART NUMBER: 3275850-500 LEUORU PART NAME: CTVC SYSTEM: CCTV
LEC CONTROL NO:N/A DRAWING/REF DESIGNATOR: 3278890 SUBSYSTEM:
ZONE/LOQCATION:N/A EFFECTIVITY/AFFELCT STAGE:

The CTVC is packaged accarding ta CCTV Letter 8011 and 2230744, Process Standard for Packaging and Handlicg ‘
guidelines. All relaied decumentation including assembly drawings, Parts List, ABPL, Test Datacte. bs gathered and held o
a documentaticn Tolder assigned specifically to each assembly. This folder is retained For reference. An EIDP is prepared for
cach essembly io accordance with the requirements of W5-25431%6. GE QC and DFRQ personne| wilness crating,
packaging, packing, and marking, and review the ELDP for completeness and aeturacy.

$ARLE 1, ACCEPTANCE TEST FLOW
1. ROOM AMETENT PERFORMANCE TEST

Tert conducted per the requitements of NASA
approved TP-AT-32758H.

1 ACCEFTANCE VIBRATTON EXTOSTTRE
050 Hz: 3 dbh/octine risc Trom 0.01 g2/Hz t¢ 4.04 22 Hr
50350 Hz:u.\4 g2/Hz
350-2I00 Hz: 3 dB vctave decreased to 0.000 p2/Hz
Test Duratign: | minme'axis, operating
Test Level: 6.1 grms

L POST-VIBRATION FLNCTTONAL CHECE
Test eonducted per the requirsments of NASA
approved TP-AT-32TRES0,

4 ACCFPTANCE THERMAL-VACUUM EXPOSURE
1.5 cycles total From +115 dep F (o +14 deg F.
After stabilization, one hour minimum dutation
at each plateau. In-spec funciional tests performed st
€ach platean.

5. ENVIRONMENTAL PERFORMAN ST
Foom ambient pedformance 1ests conducied in
acegrdance with NASA approved TP-AT-32T820.

TABLE 2. QUALIFICATEON TEST FLOW

1. EM]
Conduct testy run in gecordance with the mquireeents of
SL-E-U)02E, including CS01, CS02, CS06, TT01, CEOL, and CEQD3.
Radiared tests run in accordance with SL-E0002E iocluding RS02, R8)3,
and REQ2 eacepl that the test current Tor RS0 was 2 amps in liew of 20 amps.

1. OTIAL FOR ACCEFTANCE YIBRATION
20-80 Hx: 2db/ectave increasing 1o 0.;067 g2/Hz
BO-350 Hz: 0.067/octave
3502000 Hz: ldh/octave decrease
Test Leval: 7.8 grms
Test Duration: & minutes/axis pperating

3 FLIGHT QUALTFICATION VIBRRATION
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

1EA NUMBER: 1.17.0 ORIGINATOR: FSCMMA ASTRO FROJECT: GFE
FART NAME: CARGD BAY LRUMRU PART NUMBER: 3278590-50¢ QTANTITY: 1
PART KRT'MEER: 32738%0-304 LRUARU PART NAME: CTYC SYSTEMN: CCTY
LSC CONTROL NO:NA DRAWING/REF DESIGNATOR: 3278890 SUBSYSTEM:
ZONELQUCATION N A EFFECTIVITY/AFFECT STAGE:

20-70 Hr: 8 dBfactave increasing to 0.4 g2fHe
0-500 Hz: 0.4 p2Hz

S00-2000 He: ddbioctave decrease

Tesi Level: 15,1 grmns

Test duration 48 minutes/axis non-operating

4. ITMERMATL-YACTTIM
7.5 cyeles total Trom +E30 deg F to +9 deg F.
After stabilization, ane hour minimum duration sf each plateau.
Tu-spee functional tests performed at each platean.

5. TOE IMULATION
Worst ¢ase hot and cold mission environments
simulated in vacuum. During hot case, in-spec
operation iz required for & uf 14 consecutive howrs
During cold ease, in-spe¢ nperation is required for
14 conscoutive hnurs

6. _HUMINITY
12 hours exposuTe to 5% RH jncluding four 24
hpur temperature ¢ycles of H60 deg F to +125 deg
F, nnn-apcraiing,. :

(I} FATILURE HISTORY:
None

(E} OPERATIONAL USE:
Pogsible boss of major mission objectives due to inability to positiion
camera Tor desired FOV.

(F) MAINTAINABILITY:

PREFARED BY:Bernie Emhrey REVISION:

DATE: February 17, 1Y95 WAIVER NUMEER
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